We conducted a retrospective study of the utility ofangiography in the evaluation of patients with temporal bone fractures. Our study population was made up of 64 patients-58 malesand 6females, aged14 to75years(mean: 35.3)-with a temporalbonefracture who hadpresented to a level I trauma center over a l-year period. Records werereviewedand datawereobtainedon themechanism of injury;thetypeoffracture;associatedinjuries, particularly neutocranial injuries detected on computed tomography (CT) of the head; and any angiographic findings that mighthavebeen obtained. Theprimaryoutcomes measures werethe type oftreatment administered(conservative vs. surgical) and mortality. Patients were assigned to 1 of 4 groups according to CT results and angtographic findings, ifany: normal CT and no angiogram (group 1; n = 12), abnormal CT and no angiogram (group 2; n = 28), abnormal CT and an abnormalangiogram (group 3; n = 9), and abnormal CT and a normal angiogram (group 4; n = 15). Conservative treatment was administered to all 12 patients in group 1 and to 9 patients (60%) in group 4; surgical treatment was provided to two-thirds of the patients in both group 2 and group 3. Mortality was low in group 1 (n = 0), group 3 (n = 1; 11%), and group4 (n =1; 7%), but high in group2 (n = 10; 36 %). In fact, the key finding of this study was that mortality in the group with an abnormal CT and no angiogram (group 2) was significantly higher than mortality in the group with an
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We conclude that currentguidelinesfor angiography may need to be expanded to include all patients who have CT evidence of neuroctanial injury in order to detect those vascular injuries that need aggressive management and thus lower overall mortality.
Int roduction
Temporal bone fractures have been noted to occur in as many as 22% of patients who sustain head trauma.'
The most common causes of these fractures are motor veh icle accidents, which account for as many as onethird of cases .' In clu d ed among the other common causes are assa ults, falls, and motorcycle acc ide n ts. The ini tial diag nosis of these fractures ca n b e m ad e o n physical exa m ina tion and confirmed by com p uted tomography (CT). When oto lar yngologists are consulted to participate in the care of these patients, we are primarily concerned with the assessment of facia l nerve function and hearing status and the detect io n of a cerebrospinal flui d (CSF) leak. However, the severity of the head injury in these patients often leads to de lays in otolaryngologic eva luation and management.
Vascular injuries of the cranium in patients with temporal bone fractures are rare, but when they do occur, they often have serious implications and they ma y ultimately playa large role in the patient's prognosis. To the best of our knowledge, the incidence and nature of vasc ular injuries in patients with temporal bone fractures have not been reported in the otolaryngology or trauma literatu re. The st udy of choice for determining the presence and exte nt of vascular injuries in pa tie nts wi th head trauma, includin g those with temporal bone fractures, is angiography,' altho ug h CT is common ly used as a screening tool for vascular injury in many trauma centers. The pres ence of neurocranial injury, as well as the suggestion of a vascular injury on CT, ma y then prompt the clinician to obtain confirmatory angiography.
We conducted a study to att em pt to determine if obtaining an angiogram is helpful in the management of patients with temporal bone fractures . Our hypothesis was that angiography is necessary in the workup of all patients with temporal bone fractures, regardless of the presence or absence of neurocranial abnormalities seen on head CT.
Fi gure2. Chart shows the types of vascular abnormalitiesfound on angiography in the 9 patients in group 3; 2 patients had 2 abnormalities each. Fi gure 1. Chart shows the various mechanisms of injury in the 64 cases of temporal bone fracture (MVA = motor vehicle accident; GSW = gunshot wound).
• Group 3: Patients with evidence of neurocranial injury on CT who had an abnormal angiogram (n = 9); and • Group 4: Patients with evidence of neurocranial injury on CT whose angiogram was normal (n = 15).
As the preceding breakdown indicates, angiography had been performed on 24 patients, and 9 ofthem (38%) had abnormal findings . The most common abnormalities were pseudoaneurysm (n =4), carotid dissection (n = 3), and vasospasm (n = 2); 2 patientshad2 abnormalities each (figure 2). Demographic variables were equally distributed among the 4 gro ups of patients.
At our tra uma center, th e m anagem ent of blunt and penetrating head injury is administered accor ding to institutional protocols that have been developed by the surgical trauma department over time. o z • Group 1: Patients who had no evidence ofneurocranial injuryon CTand who had not undergone angiography (n = 12);
• Group 2: Patients who did have CT evidence of neurocranial injury but who had not undergone angiography (n = 28) ;
Patients and methods
After obtaining approval from the Institutional Review Board at the Universit y of Tennessee (UT ) Health Sciences Center, we conducted a retrospective chart review ofallpatients with temporal bone fractures who had been seen over a I-year period at the UT Regional Medical Center in Memphis, which is a level I trauma facilit y. Charts were reviewed for patient demographics; the mechanism of injury; th e type of fracture; associated injuries, particularly neurocranial injuries detected on CT of the head; and an y angiographic findings that might have been obtained.Outcomes measures included the type of treatment (conservative vs. surgical) and mortality.
A total of64 patients-58 males and 6 females, aged 14 to 75 years (mean: 35.3)-with temporal bone fractures were identified from the trauma registry during the study period. The three most common mechanisms of injury were motor vehicle accidents (47% of patients), assaults (23%), and gunshot wounds (14%) (figure 1). Fracture patterns included mixed/oblique in 45% of patients, comminuted in 20%, classic longitudinal in 20%, and classic transverse in 14%.
In an effort to define our patients in a manner that might help us confirm or disprove our hypothesis, we classified these 64 patients into 4 groups based on CT and angiographic findings:
Volume 88, Number 5 www.entjournal.com • 923 AHMED, ALISON , WHATLEY, CHANDRA angiography was performed whenever any of the following findings were observed: an unexplained neurologic deficit inconsistent with CT findings, the presence of Horner syndrome, a LeFort II or III fracture, a cervical spine injury, or a neck soft-tissue injury. In cases of penetrating head and neck injury, angiography was performed in all stable patients with platysmal violation, regardless of whether the injury occurred in zone I, II, or III. Four-vessel angiography was chosen over other modalities such as CT angiography and magnetic resonance angiography (MRA) per the protocols of our institution. At the time these patients were evaluated, the lack of a multidetector CT scanner precluded the performance ofCT angiography. The magnetic resonance imaging unit in place had a 0.2-Teslafield strength, which is not sufficient for good quality diagnostic MRA. These reasons likely played a role in why four-vessel angiography was performed as a first step in the protocol. Also,our institutional protocols require low-osmolar iodinated contrast to be administered to patients with high creatinine levels prior to the performance of a cerebral angiogram. However, in this study, we did not encounter any patients who were in renal failure or who had an allergy to contrast. This is not altogether surprising, since our sample size was fairly small and most patients who present to trauma centers tend to be in good general health.
The data collected were analyzed using simple chi-square (X 2 ) analysis for all categorical data and the unpaired Student ttest for continuous variables. This analysis was performed with the help of the SAS statistical package (SAS Institute; Cary, N.C.).
Results
Type of treatment. Conservative treatment was administered to all 12 patients with normal CT results (group 1) and to 9 of the 15 patients (60%) with an abnormal CT but a normal angiogram (group 4) (table) . Surgery was performed on two-thirds of the patients with an abnormal CT and either no angiogram (group 2) or an abnormal angiogram (group 3).
Mortality. Mortality was lowest (0%) in those patients whose CT was negative (group 1) (table) . Among patients with an abnormal CT, mortality was significantly higher in those patients who did not undergo angiography (group 2) than in those with an abnormal angiogram (36 vs. 11%; P = 0.02), even though their management was just as aggressive and their injuries were no more severe. Mortality among patients with an abnormal CTand a normal angiogram (group 4) was 7%.
Discussion
The extent of the otolaryngologist's involvement in the management of temporal bone fractures is often dictated by the severity of the associated injuries. The presence of an intracranial vascular injury can have grave prognostic implications and can accordingly alter management.' For example, knowledge of vasospasm and its exact location on angiography can ensure a safer wound exploration in cases when it is warranted.Also, in a patient undergoing radical mastoidectomy for a CSF leak, prior knowledge of a thrombosed sigmoid sinus would be valuable for operative planning ( figure  3) . As far as we know, the presence and nature of accompanying vascular injuries have not been reported in the context of temporal bone fractures in either the oto laryngology or tra uma literatur e. Therefore, we believe that our findings are especially relevant. The demographics of our patient population are generally in concordance with those described in the trauma literature.' The fact that the demographics of our 4 study groups were also similar conferred a certain amount of validity to our intergroup comparisons. Also, the mechanisms of temporal bone trauma in our study parallel the common causes cited by Cannon and Iahrsdoerfer.' The fact that 38% of the angiograms in our study were abnormal leads us to believe that angiography should be considered whenever there is CT evidence of neurocranial injury. Conservative management was more often performed in patients who had a negative CT and no angiogram (group 1) and in those with an abnormal CTand a normal angiogram (group 4). Given that all of the patients in group 1 had bee n treated conservatively and that the mortality in this group was 0%, we believe that angiography is not necessa ry when there is no evidence of neur ocranial abno rma lity on CT. Mortality was highest (36%) in patients who had an abnormal CT and no angiogram (gro up 2) despite the fact that (1) these patients were managed just as aggressively as the patients with an abnormal CT and an abnormal angiogram and (2) their injuries were no more severe. We therefore believe that if the indications for angiography are broadened, more vascular injuries might be detected, and this in turn could lead to more aggressive management when indicated and ultimately lower overall mortality. Indeed, our findings suggest the need to expand the indications for ang iography to all patients with CT abnormalities on initial evaluation.
When we first reviewed our data, one of our concerns was that the injuries in our group 2 patients mig ht have been so severe that angiograms were not deemed to be warranted despit e the CT evidence of intracranial injury. However, further review revealed th at of the 10 fatalit ies in th is gro up, on ly 2 patients likely had Volume 88, Number 5 Fi gure 3. A sigmoid sinus occlusion (arrow) is seen 011 cerebral angiography ill a patient with a temporal bonefracture. a dismal prognosis from the outset-l patient with a brainstem laceration and 1 patient with diffuse axonal injury. All the other patients in this group simply did not meet the criteria for angiography.
Our study did have limitations that are inherent in all retrospective studies (i.e., the study design did not allow us to establish causality), but we believe that our findings are significant enough to warrant prospective studies in future.
In conclusion, angiography can playa valuable role in the management of patients with temporal bone fractures. Based on our find ings, we believe that angiography is not necessary when there is no evidence of neurocrania l injury on CT. However, we also believe that the current indicatio ns for obtaining angiogra phy sho uld be expanded to include all cases in which there is evidence of neurocranial injury on CT in order to detect vascu lar injuries that might be m anaged aggressively in an effor t to decrease overall mortality.
